M6	HISTORY OF CHEMISTRY         [lect. xv.
although various explanations have been furnished by the
fine investigations of Daniell and Miller,170 of Hittorf,171 and
of Kohlrausch.172 One fundamental point, nevertheless,
appears to have been settled. I refer to the application of
the law of the conversation of energy to electrolytic pro-
cesses ; and to the connection between chemical energy and
electro-motive force. The elucidation of these relations is
due to the investigations of Braun173 and of Helmholtz.174
The former showed that there are galvanic elements whose
electro-motive force is less, and also those whose electro-
motive force is greater, than that corresponding to the
chemical transformation of energy. Helmholtz established
the principle that the energy of the current is equal to the
chemical energy only when the electro-motive force of the
battery is independent of the temperature. When the
electro-motive force increases with rise of temperature, heat
as well as chemical energy is used up in the production of
the current; while in the converse case a part of the
chemical energy is liberated in the form of heat.
The accuracy of this principle, besides having been proved
experimentally by Helmholtz himself, has also been proved
experimentally by several other investigators,175 especially
by Jahn.176
The relations between optical and chemical properties,
which are equally important in theory and in practice, can
only be touched upon here, as there are but few results of
general importance to be brought forward. The chemical
effects of light have been closely studied, especially in three
cases:—i, That of the silver salts ;177 2, That of the process
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